T
he concept of the diaphragm as a barrier is a widespread and tacitly accepted, though misunderstood, concept shared by many physicians. The presence of multiple transphrenic pathways and the various diseases traveling them are relatively unknown, which translates into mistakes and severe diagnostic delays. The purpose of this essay is to depict these anatomic constitutional pathways and the diseases that can take these routes in adults. The pathways encompass both congenital communications and those occurring in areas of structural weakness of embryologic origin that have a degree of acquired component [1, 2] . The other group of migrations, that is, purely acquired spread (e.g., iatrogenic and traumatic), does not necessarily travel along these pathways and is not discussed.
Embryology of the Diaphragm and Subserosal Space
The coelomic cavity is formed at the end of the third week of embryonic life and is lined by a serous membrane. Deep to it lies the subserosal space, which can be conceptualized as one continuous space from thorax (subpleural space) to abdomen (subperitoneal space) (Fig. 1) . The thoracoabdominal continuum is that portion of the subserous space that crosses the diaphragmatic hiatuses and connects these two areas, allowingcontain a variety of structures from stomach to colon [5, 13] (Fig. 9 ). Any component can be affected by different diseases, which can involve the hernial sac ( Fig. 10) and extend beyond it. Gastropleural fistulas secondary to this alteration have been reported [10] .
Vena Caval Foramen
The vena caval foramen is not considered part of the continuum because its adherence to the vein wall does not allow subserous tissue [3] . Nevertheless, this foramen has occasionally been described as a potential pathway for bidirectional disease migration, both in retroperitoneal abscesses [11] and in cases of descending mediastinitis [14] . In addition, the caval lumen by itself can act as a transphrenic pathway, usually described in (macroscopic) transvenous spread of some neoplastic diseases [4] (Fig. 11) .
Morgagni Hiatus
A Morgagni hiatus is a small bilateral ventral aperture ( Fig. 2A ) across which superior epigastric and lymph vessels from the diaphragmatic aspect of the liver travel. Many processes, including subperitoneal air, can travel this way [3, 4, 10] (Fig. 12) . The rarely observed Morgagni hernia can also develop at this hiatus, frequently on the right side, when there is a genesis of its attachments, especially of the xiphoid extension [6, 13] (Fig. 9) .
Lumbocostal Triangle and Septum Transversum Lacunar Aplasia
A defect in formation of the posterolateral margin of the diaphragmatic surface usually results in Bochdalek hernia [2, 7, 13] (Fig. 2A) . Usually left-sided, this hernia may contain fat only and can be asymptomatic in adults; nevertheless, it can contain part of the kidney, stomach, and even bowel [13] (Fig. 13) . Finally, the extremely rare peritoneal pericardial hernia (septum transversum lacunar aplasia) can develop at the diaphragmatic central tendon [6] ( Fig. 2A) . Noteworthy is that the last two hernias and, to a lesser extent, Morgagni hernia can lack a hernial sac [6, 13] .
Porous Diaphragm Syndromes
Porous diaphragm syndromes are a group of different diseases with a common cause, that is, a tiny focal defect in the diaphragm that allows transphrenic migration of substances (fluids, gases, neoplasms, tissues, exudates, and even infected ascitic fluid) from the peritoneal cavity into the pleural spaces. The tendinous part of the diaphragm is the most common site of defects. The defects can correspond to pleuroperitoneal bleb (a small hole with a pleuroperitoneal cover and blister morphologic features), fenestrations (rupture of a previous bleb), or multiple gaps (cribriform diaphragm). These anomalies can be congenital or acquired and for various reasons (peritoneal circulation, piston effect of the liver), right-sided thoracic involvement is more common [1, 5, 15] (Fig. 2A) . Meigs syndromefibroma or fibromalike benign ovarian tumor, ascites, pleural effusion (usually right-sided), and hydrothorax managed by removal of the ovarian tumor-appears to be the quintessential example of a porous diaphragm syndrome [5] . Catamenial pneumothorax is another example. It presents as spontaneous pneumothorax, usually right-sided, occurring with the onset of menses [1, 5] . Hepatic hydrothorax, or the presence of substantial pleural effusion in patients with liver disease (without underlying cardiovascular conditions), traditionally has been included in this category along with the occurrence of pleural effusion in peritoneal dialysis patients, among others [5, 10] .
Detection of these defects is relevant when treatment of the primary pathologic process fails and surgical management seems advisable. The diagnosis can be made by intraperitoneal administration of 99m Tc-sulfur colloid and with ultrasound, CT (Fig. 14) , and MRI, although other medical procedures (thoracoscopy, dye use) are also being used [1, 5, 15] .
Diaphragmatic Lymphatics
The diaphragm has a lymphatic drainage system ( Fig. 15) , which explains the widely known neoplastic dissemination that can occur between the thorax and the abdomen [4, 7, 8] . However, evidence from animal and human models suggests that both proteins and particulate matter cross the diaphragm via transdiaphragmatic and pleural lymphatic vessels [1] . This route, although debatable [9] , has been proposed as an alternative and complementary explanation for porous diaphragmatic syndrome, along with the diaphragmatic defects already described [1, 4, 9, 10, 15] .
Conclusion
Pathologic processes have many routes through the diaphragm. Consequently, the chest and abdominal cavities can be seen as a continuum on which the diaphragm is an important-but by no means complete-barrier to disease spread. A, 4-week embryo. Developing organs (e.g., gut) are subjacent to serous lining and project into coelomic cavity. Septum transversum (future diaphragm) will grow from ventral wall and partially divide coelom into eventual thoracic and abdominal cavities. B, 4-to 5-week embryo. At thoracic level, lung buds grow from primitive gut covered by serous membrane. Heart is also being formed. C, 5-week embryo. Lungs grow into pleural cavity (legacy of coelomic cavity). A = aorta, Esph = esophagus, VC = vena cava. D, 7-week embryo. Division of pleural and peritoneal cavities complete with pleuroperitoneal membranes (PPM) that grow from every side of posterior wall, closing dorsal openings and fusing with septum transversum and esophageal mesentery. Esophageal mesentery forms stippled area that contains esophagus (E) and vena cava (VC). Later, growth of muscular body wall (asterisks) completes periphery of diaphragm, except at ventral small with free (intrinsic microscopic) communications between them. In addition, each side of diaphragm is drained both by common nodal groups (anterior and middle diaphragmatic lymph nodes) and by nodes specific to each side: thoracic, posterior (retrocrural) diaphragmatic lymph nodes, and abdominal, phrenic, and lumbar lymph nodes. Thoracic duct allows communication between nodes of abdominal and thoracic regions. Lymphatics have been proposed as transphrenic dissemination pathway for multiple phenomena, including neoplasms, septic processes, urinothorax, and porous diaphragm syndromes. Vc = vena cava, Ao = aorta.
